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Morphological Characteristics of Loblolly Pine Wood as
Related to Specific Gravity, Growth Rate and Distance from Pith

By CHARLES W. MCMILLIN, Alexandria, La.



Summary
Earlywood and latewood tracheid length and transverse cellular dimensions of wood re-

moved from stems of loblolly pine (Pinus faeda L.) and factorially segregated by specific
gravity, rings from the pith, and growth rate were determined from 8&lnple chips. The inde.
pendent relationships of each factor with fI"ber morphology are described.

Zusammenlassong
An Probespinen wurden Tracheidenlinge und Zell- Querabm_ungen im FrUh- und Spit-

holz von Loblolly pine (Pinuslae4a L.) bestimmt und faktoriell gegen die Diohte, den Abstand
von der MarkrOhre bzw. die Wuchsgesohwindigkeit abgegrenzt. Die "gereinigte" Beziehung
jedes Faktors zur Faeermorphologie wird erortert.

The wood in a l~e second-growth southern pine stem characteristically in-
creases in specific gravity with increasing rings from the pith, while the growth
rate slows. For a given number of rings from the pith, however, the range of
variation in specific gravity and growth rate between stems is remarkably large.
For example, it is possible to isolate corewood of low density and slow growth from
one stem while corewood from a second stem may also be of low density but of fast
growth. As another example, the outer wood of one stem and the corewood of a
second stem may both contain fast-grown wood of low density.

In the research reported here, an analysis was made of cellula.r morphology of
loblolly pine wood (as distinct from the cellula.r morphology of stems) in relation
to three gross wood characteristics that can readily be measured. The character-
istics, or factors, were rings from the pith, growth rate, and specific gravity. By
removing wood from many stems and stratifying it by two densities and two
growth rates at each of three radial positions in the stem, it was possible to isolate
the independent relationships of each wood characteristic with fiber morphology.

This approach is quite different from studies where it is desired to determine
the ra.dia.l vs.ria.tion of fiber morphology in stems. In these cases, the variation is
usua.1ly measured along sections, wedges, or increment cores removed from the
stem. Since the typical change in specific gravity and growth rate along such sec-
tions precludes stratification by specific gravity and growth rate at all radial
positions, the independent relationship of each factor with fiber morphology is

confounded.
Since the sample was limited to wood from trees in centra.l Louisiana, the

present results must be regarded as exploratory and not as representative of the
species Pinus taeda L. Nevertheless, if the morphology of wood can be predicted

The Roy O. Martin Lumber Company, Alexandria, Loujaiana, and J. Adams, Brauer Bros.
Company, Springfield, Ohio, a88i8ted in oolleotiDg and preparing the e~rimental material.
D. BOWER, Mathematical Statistician, Southem Forest Experiment Station, New Orleans,
Loujaiana, aided in the statistical interpretation.
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from gross factors, indus;try may be able to apply the information by isolating or
selecting material having the desired chara.cteristi~. In eHect, some selection of
wood types within a tree is already taking place in the pulp industry. Thus, a
batch of chips from southern pine veneer cores will differ considerably from a
batch made from slabs and edgings taken from the periphery of a large saw log.
As another example, plantation wood grown on a short rotation may display
morphology different from that in wood from natural stands.

A subsequent paper will examine wood chemical constituents in relation to gross
wood characteristics.

Procedure
Fjfty trees in a stand near Alexandria, Louisiana, were field-identified as

loblolly pine and felled. Portions of the stems that exhibited 40 annual rings or
more were bucked into 8-foot lengths and the top end of each length was marked
(Fig. 1). Logs with visible defects, such as compression wood and decay, were dis-
carded.

FIg.t. MeUlod of tog bloeakdoWD.

The logs were then slabbed to a pith-center cant which was ripped along the
10th, 20th, and 30th growth increments to form five boards. Boards were stored
under water to prevent sap stain and moisture loss. The specific gravity (oven-dry
weight and green volume) and growth rate were determined on a l-inch sample cut
from midpoint of each board; removal of this sample reduced the boards to 4-foot
lengths. On the basis of these preliminary measurements, 200 pounds of wood were
selected for each category in each of two blocks in the factorial design outlined
below. Boards having specific gravities and growth rates near the category division
points were rejected.

Variables in the design were :
Unextracted specific gravity (oven-dry weight and green volume)

Less than 0.49 More than 0.49
Growth rate

Less than 6 rings per inch More than 6 rings per inch
Rings from the pith (position in tree)

0 ... 10 (oorewood) 11 ...20 (middle wood) 21 ...30 (outer wood)
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Sample boards in each block and each category were separately reduced to
chips that averaged somewhat less than 1 inch in length. After being mjxed, each
of the 24 groups of chips was randomly divided into four replications each. A ran.
dom subsample of 1000 chips was then taken from each of the 96 samples for
measurement of physical and anatomical properties. Chips were stored in capped
jars at 34° F.

Specific gravity (for use in subsequent analyses) was measured on 500 of the
subsample chips; the method was that described by SMITH [1965]. Specific
gravity of extractive.free wood was calculated by reducing the oven-dry weight of
chips by the weight of the alcohol-benzene extractive content of a matched
sample: TAPPI Standard Method T 6 os-59 was used.

Growth rate in rings per inch could not be determined from chips. It was
therefore measured prior to chipping on the samples used for segregating the
boards. Because boards had variable cross-sectional areas, measurements were
weighted by area in calculating the mean growth rates, which were then considered
representative of the chips in each replication.

Tracheid length was determined on 40 chips randomly selected from each
1000-chip replicate. Chips were dissected into earlywood and latewood slivers and
macerated for 2 days in a ~50 solution of 30-peroent hydrogen peroxide and
glacial acetic acid at 50° C. Samples of the macerated material were mounted in
water on 10 gl&88 slides. With a calibrated projection mjcroscope (X 40), five
tracheids were measured on each slide-the five unbroken tracheids lying adjacent
to a dot in the center of the projection screen. Thus, 50 observations were made
on each 4O-chip sample.

On different tracheids-macerated as described above-single.wall thickness
of cells, lumen diameter, and tracheid diameter for both earlywood and latewood
were separately determined by viewing the radial fiber surface. Fifty observations
of each dimension were made at the midpoint of the tracheids (5 observations on
each of 10 slides) with a compound microscope equipped with a Filar eyepiece
( X 400). Radial surfaces were identified by the presence of pits. Thickness of
both cell walls was measured and the results averaged for each observation.

Variation in fiber morphology with height in the stem was not measured.
Since only logs displaying 40 annual rings or more were selected, the study
material came mostly from the lower 32 feet of the stems.

Results

Fiber morphology proved significantly related to wood specific gravity, growth
rate, and position in tree. Table 1 summarizes the wood-property determinations
for the replications in each wood category of each block. The values are from a
total of more than 39,000 observations.

Tracheid Length

By ana.lysis of variance, both earlywood and latewood tracheid lengths differed
significantly with changes in the level of each primary variable except growth rate
(Table 2). Analysis was based on the averages of four replications, i.e. on 24 groups
of chips with the block X treatment interaction constituting the error term.
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For all positions and growth rates, wood of low specific gravity had longer
tracheids than wood of high specific gravity. Latewood. tracheids in wood of low
specific gravity averaged 4.16 mm, as compared to 3.92 mm in wood. of high
specific gravity. For earlywood tracheids the corresponding values were 3.93 and
3.69 mm.

Table 2. Effect of 8ltAdy Yariablu 011 LoblcHIy PiM WOOtl Morpltologyl

Earlywood
Lu- Tra-

men oheld
dja- dIa-

meter meter

I&D1

Tra-
oheid
wall
thick-
~
II.Dl

Factor

Tra-
oheid
leDIth

mmILIn

.
3.93
3.69

.

4.16
3.92

.

'7.9
"'0

.
56.8
53.1

.
14.4
13.5

33.7
33.2

'.6
4.6

9.7
9.9

.
3.52
3.91
4.00

*
3.79
4.13
4.21

.

«.0
~1
'7.8

.
52.8
55.3
56.7

(UG) Unextracted specific
gravity
lA!88 than 0.49 (avg. 0.46)
More than 0.49 (avg. 0.52)

(NR) Number of riDgs fromthe pith ..
0-10 (core) 9.4 14.1 32.8

11-20 (middle) 9.9 13.9 33.6
21-30 (outer) . 10.0 13.9 33.8

(&I) Rings per inch . .
lA!88 than 6 (avg. 5.1) 9.7 14.5 33.8 4.02 4.6 46.2 M.B
More than 6 (avg. 9.3) 9.9 I 13.5 33.0 i 4.06 4.5 46.7 I 54.6
Grand mean 9.8 i 14.0 I 33.4 I 4.04 I 4.6 I 46.0 I 6'.9 ,

1 All factors were tested at the 0.06 level; significant differenoee are indicated by*.

Tracheid length increased with increasing rings from the pith. Latewood
tracheid length averaged 3.79 mm for corewood, 4.13 mm for middle wood, and
4.21 mm for outer wood. A similar significant trend was established in earlywood.

Latewood tracheids were consistently longer (avg. 4.04 mm) than earlywood
tracheids (avg. 3.81 mm) regardless of position in tree, specific gravity, or growth
rate.

The study variables were also related to morphological characteristics by step-
wise multiple regression. Equations were developed by introducing the independ-
ent variables in decreasing order of their individual contribution to the cumulative
R'. All equations were of the type y = b. + b1xl + b,x, + "', where y is a
dependent variable, e.g. tracheid length or tracheid wall thickness; biJ a regression
coefficient; and Xi, an independent variable, e.g. rings from the pith or specific
gravity. The values used for number of rings from the pith were averages: 5,15,
and 25. The individual variables and their interactions were considered. All equa-
tions were tested at the 0.05 level, and all variables are significant at that level.

Correlations between independent variables were low (less than 0.39). The
factorial design avoided certain correlations that exist in a tree stem. For example,
the correlation between specific gravity and number of rings from the pith was low
(r = 0.13) because wood of both high and low gravity was considered at all posi-
tions. Hence the use of all independent variables in a single regression equation is
statistically valid.

The equations do not mean that a cause-and-effect relationship necessarily
exists between independent variables and a given characteristic. Rather, they

4,.8

4,.6

4.6

3.78
3.84

3.81
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indicate that the valuM of the dependent variable are &8OCiated with thoee of the
independent variable in such a way that they can be described by an equation
[FREESE 1964].

The best equau.ODB for kacheid length were:
LT = 4.8016 + 0.0643 (NR) - 2.7281 (UG) - 0.0014 (NR)I (1)
ET = 4.2468 + 0.0737 (NR) - 2.2138 (UG) - 0.0016 (NR)I (2)

where
LT ~ Jatewood traoheid length in millimeterl
ET = earlywood tracheid length in millimetera
NR = anrase number of rings from ~ pith
UG = uneztracted chip lpecific gramy, baled on ~-dry weight 8IId IreeD volume.

+., r--- -
mml

:t

I

)

i":.~ :-l_~-- ~

I

ul I I -
I 15 IS I 11 21

Ringl from pifh
-. I. ~ ~ - I8ted to ~ ~ pith U1d ~ obtp ~ 8r8. nt7 .

va UII8I:tnated ~ 8r8.vity.

From Eq. (1), latewood tracheid length proved independently related to un-
extracted chip specific gravity and number of rings from the pith. The equation
aooounted for 47 percent of the total variation in thjs property; the standard error
of the estimate was 0.23. Fjg. 2 shOWB that, for a given specific gravity, latewood
tracheids increaaed in length rapidly for the fi1'8t 15 rings, then slowed. For a given
number of rings from the pith, latewood tracheid length increased with decreasing
specific gravity. The graphed lines in thjs figure, and Figs. 3 and 4, were obtained
by substituting a range of values for the variable on the X-axis and firing the
remAining variables in the regreesion equation at their mean values.

Eq. (2), relating earlywood tr&cheid length to rings from the pith and unex-
tracted chip specific gravity, accounted for 51 percent of the total variation. The
standard error of the estimate was 0.23. As with latewood tracheids, length in-
crea8ed rapidly for the tint 15 rings (Fjg. 2). The independent effect of chip specif-
ic gravity on earlywood tracheid length was similar to that on latewood tracheids.
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Thus long tracheids were a880ciated with mature, low-density wood. In contrast,
the shortest tracheids were characteristic of hjgh-density corewood.

Latewood tracheid length waa positively correlated with earlywood tracheid
length (R' = 0.53, standard error = 0.21). Regression analysis provided the
equation: LT = 1.3425 + 0.7081 (Rr).

Transverse Dimensions
As expected, cell walls were thicker in lat.ewood (avg. 9.8 ILM) than in early-

wood (4.6 1Lm). By variance analysis, latewood cell-wall thickn~ differed signifi.
cantly with only one of the primary variableS: rings from the pith. Thus, when
averaged over all growth rates and gravities, wall thickn~ inareaaed from 9.4 ILM
for corewood to 9.9 ILm for middle wood and averaged 10.0 ILm for outer wood.
In conU'aat, thickn~ of earlywood cell walls did not differ significantly with any
of the primary variables.

Stepwise regression analysis of the continuous variables provided the following
equation:

LWT = 9.3607 + 0.0081 (NR) (UG) (RI) (3)
where

LWT = Jatewc)od tracheid wall thiokDelS in II.Jn (micrometers)l
RI = growth rate. riJII8 per inch
The analy8i8 showed a weak positive linear relationship between latewood wall

thickne88 and the product of rings from the pith, unextracted chip specific gravity ,
and rings per inch growth rate. This equation &CCO11nted for 21 percent of tJ1e
variation in latewood wall thickneu, with a standard error of 0.53. However, in-
spection of the data in Table 1 indicates that most of this relationship was due to
rings from the pith. A linear regression of rings from the pith on latewood wall
thickneu accounted for 16 percent of the total variation, with a standard error of
0.65. No equation was provided for earlywood wall thickn~.

By variance analysis, latewood lumen diameter differed with specific gravity
and growth rate. No differences were detected between positions in the tree.
Wood of low specific gravity had larger lumens (avg. 14.4 (.LIn) than wood of high
specific gravity (avg. 13.5 (.LIn). Fast-grown wood had larger lumens than slow-
grown. Latewood lumen diameter averaged 14.5 (.LIn for fa8t..grown wood and
13.5 (.LIn for slow-grown. The interaction of growth rate and specific gravity
proved significant.

SpecIfto pavitT

I.-wood 1- c1Iame&er
at two crowth rat.

X-tbaD MCIIetJIaD
erIII88/ID. ellD8/ID.

11m 11m

~ t.baD 0.49 1'-- 1~.16
~ t.baD 0.4,9 1'-26 12.78

An inferenoe from this result ia that latewood lumen diameter decreased with
increasing specific gravity at a faster rate in slow-grown than in fast-grown wood.

The best stepwise equation for latewood lumen diameter wae:
LLD = IfJ.9154 - 0.2708 (&1) (4)

where
LLD ~ l&tewood lumen diameter in 11m (micrometers)
1 II&1n (1 micrometer) = 10-c m = 10-1 mm.
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Eq. (4) accounted for 27 percent of the variation, with a standard error of 1.12.
After growth rate, no additional factor proved significant.

Latewood lumen diameter also was inversely related to unextraoted chip
specific gravity by the linear 1'egre88ion equation:

LLD = 19.1758 - 10.7627 (UG) (5)

Eq. (5) accounted for 11 percent of the variation with a standard error of 1.25.
ThMe reeults indicate that latewood tracheids with lumens of small diameter

were characteristic of dense, slow-grown wood. In contrast, large lumens were
associated with low-density wood of fast growth.

By variance analysis, earlywood lumen diameter differed with specific gravity
and rings from the pith; no differenCM were found between growth rates. As with
latewood lumens, wood of low specific gravity had larger earlywood lumens (avg.
47.9 ~) than wood of high specific gravity (avg. 44.0 ~). Eal'lywood lumens in-
creaaed in diameter from 44.0 ~ for corewood to 46.1 ~ for middle wood, while
in outer wood they averaged 47.8 ~.

The best stepwise regression equation for earlywood lumen diameter was:

ELD = 63.3636 :t- 0.2174 (NR) - 42.7163 (UG) (6).where
ELD = earlywood lumen diameter in ILm

Eq. (6), including number of rings and specific gravity, accounted for 42
percent of the variation with a standard error of 2.69. From this equation
and Fig. 3, earlywood lumen diameter decreased with increasing unextracted
specific gravity. For a given specific gravity, diameters increased with increasing
rings from the pith.

Thus, earlywood tracheids with small-diameter lumens were associated with
dense corewood while lumens were characteristic of low-denaity mature wood.

By variance analysis, latewood tracheid diameter increaaed significantly from
32.8 ~ in corewood to 33.6 ~ in middle wood, while in outer wood it averaged
33.8~. Latewood tracheids from fast-grown wood were slightly larger (avg.
33.8 ~) than those from slow-grown wood (avg. 33.0 ~). Tracheid diameter did
not differ significantly with specific gravity.

Stepwise regression analysis of the continuous variables provided the equation:
LTD = 34.9734 - 0.3083 (RI) + 0.0128 (NR) (UG) (&1) (7)

where
LTD = latewood tracheid diameter in !LID (micrometerl)

This equation accounted for 29 percent of the total variation with a standard
errorof 1.16. From the equation,latewood tracheid diameter decreased with in-
creaaing growth rate and increased with increasing specific gravity and rings from
the pith. However, the relationship was weak; distance from the pith and rings
per inch growth rate aooounted for most of the variation (24 percent).

The rMulta indicate that large-diameter latewood kacheida were ch&raCteri8tic
of mature wood of slow growth. In contrast, narrow tracheida were found in core-
wood of fast growth.

By variance analysis, earlywood kacheid diameter increased significantly from
52.8 IA.In in oorewood to 56.7 IA.In for outer wood. Diameters did not significantly
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differ with growth rate but varied with specific gravity, averages being 56.8 !LID
for low-density wood and 53.1(L1n for high-denaity wood.

The beet equation was:

grn = 76.1196 - 48.8068 (UG) + 0.4673 (NR) (UG) (8)

.-.11""'0 '" ..',"~;

.i
I
j

}
-.

,

-~ .j i,-;~~,~!',

111 I
at O.S 0.1

Uta/rCri &/lip IP6cifk ,nwify

1'180 So Barl7wood 1- dIa1D8t.- .. reI&te4 to
~ from ~ aDd ~ objp ~

cravitTo NR Nmnber of l'1li88 from the pith.

0.+ as
Unufrocltd chip specific ,rorify

~. .. E8IITwood ~ dJ8met« - NIated to
dJ8taDoe from pith and ~ chip 8peai1Io

panty. NR Num8 of riD88 from the pith.

where
ETD = ~lywood traaheid diameter in !£In (micrometoen)

Eq. (8), including specific gravity and the interaction of specific gravity and
rings from the pith, accounted for 47 percent of the variation witb a standard error
of 2.47. From this equation and Fig. 4, earlywood tracheid diameter decreased
with increaaing chip specific gravity, the rate of deareaae beooming slightly greater
with decreaaing rings from the pith. For a given specific gravity, diameters in-
creased with increaaing distance from the pith; the rate increaaed with increaaing
chip specific gravity.

The results indicate that large-diameter earlywood tracheida were associated
with mature wood of low density, while narrow tracheida were characteristic of
dense corewood.

For re&aona unclear, specific gravity of unextracted wood consistently proved
more useful in regre88ion analysis than did specific gravity of extracted wood.
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Dileu8ion
Characteristically, the specific gravity and latewood content of wood from

loblolly pine stems increase with distance from the pith; i.e. corewood is usually
1MB dense and cont&ins l~ latewood than dOM mature wood. The patterns of
variation in transverse cellular dimensions reported here are uaeful in interpreting
the radial increase in specific gravity &8 independently related to distance from the
pith. This is POBIible becaU8e dimensions associated with rings from the pith in
Table 2 are averaged over all growth rates and specific gravities.

Since earlywood wall thicknea remains constant with distance from pith,
while lumen and tracheid diameters are increasing, the amount of wood substance
per unit area is decreaaing. Therefore, the specific gravity of a unit volume of
earlywood moat decrease with distance from the pith.

In contrast, the lumen diameters of latewood cells remain relatively constant
with age, while the tracheid wall thicknesses and diameters increase. Thus, there
is increased wood substance per unit orosa-aectional area, and the specific gravity
of latewood moat increase with distance from the pith.

H wood structure is a88U1ned to consist of uniform square tubes of unit length
(with pits, resin canals, and all other structures ignored), it is possible to approxi.
mate the volume of wood sub8tlbce in 1 cma of either latewood or earlywood from
the tranaverae cellular dimensions in Table 1. The averaged resulte from this
rather simple model are &8 follows:

Table 3. V ~ of w ~ 8~ m 1 om' 01 LGI4V1tJOrl or
EarlyIDOOIl froa 1M T~ C.u.lar DI

RiD88fromPith Apprux. ~ of 181l-W8D _~~I of wood
Wtewood I Bari7Wood

~I ~I

0-10 (aVl- 5) I 0.8119 I 0.3056
10-20 (aVi. 15) .8286 .~
20~30 (aVi. 23) .,8s0. .28~

Since the oell-wall volume per om' of latewood increa8M with inarea8ing rings
from the pith, the specific gravity muat in~ proportionally. ConVerBely, the
cell-wall volume of earlywood decreasee with rings from the pith, and the specific
gravity must decrease.

The calculated volumM of early- and latewood substan()N may be combined by
the relative amounts of each tissue type for a given distance from the pith.
Characteristic valuM for percent of latewood might be 20, 40, and ro for wood
averaging 5, 15, and 25 rings from the pith. The results are:

0-10 (ayg. I) I 0.(076 10-20 (avg. 11) .G097

20-30 (avg. 23) .6607

Sinoe the volume of wood substanoe for the composite is increasing with in.
creasing rings boom the pith, the specific gravity must increaae proportionally. If
a specific gravity of 0.97 ja asaumed for water-saturated wood substanoe [SMITH
1965], the valus calculated above l'Mult in realistic wood specific gravities of
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0.4.0, 0.48, and 0.54. The analysis thus 8UggeItB that the characteristic increaee of
loblolly pine specific gravity with diatanoe from pith is determined not only by the
relative amount of earlywood and latewood present but also by the chAnging
Wanav~ dimensions of each tissue type aa independently affected by diatanoe
from the pith.

Though the supposition waa not tested by this study, it BeeID8 JK)88ible that all
loblolly pine wood may have similar properties when stratified by distance from
the pith, growth rate, and specific gravity. Could this surmi8e be proven, the impli-
cations for wood utilization and characterization would be great.

Conclusions
The present study of a sample of loblolly pine wood from centra.l W11isiAnA

characterized the morphology of wood removed from stems, as distinguished
from the morphology of the stems themaelv~. The experiment js unique in that
the factorial design permitted separation of the independent relationships with
fiber morphology of wood specific gravity, growth rate, and number of rings from
the pith.

Earlywood and latewood tracheid lengths were independently related to
number of rings from &e pith and wood specific gravity. Lengths increased with
increasing distance from the pith and decreased with increasing specific gravity.

Latewood tracheid wall thickness was related to number of rings from the pith.
It increaeed with distance from the pith.

Earlywood tracheid wall thickn~ was anrelated to number of rings from the
pith, wood specific gravity, and growth rate.

Latewood lumen diameter was independently related to specific gravity and
growth rate. It deoreaaed with increasing specific gravity and increasing rings per
inch.

Earlywood lumen diameter was independently related to number of rings from
the pith and wood specific gravity. It increased with increasing distance from the
pith and deoreaaed with increasing specific gravity.

Latewood tracheid diameter was independently related to number of rings
from the pith and growth rate. It increased with distance from the pith and de.
creaeed with increasing rings per inch.

Earlywood tracheid diameter was independently related to wood specific
gravity and number of rings from the pith. Ii decreased with increasing specific
gravity and increased with increasing distance from the pith.
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